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C onventional total hip arthroplasty (THA) is a common and successful treatment option for end-stage degenerative hip disease, with more than 300,000 procedures performed annually in the United States. 1 In the past decade, metal-on-metal hip resurfacing arthroplasty (HRA) has had a resurgence in popularity, especially among younger, more active patients. More than 300,000 HRAs have been performed worldwide, with reports of survival as high as 96% at 13-year follow-up. [2] [3] [4] [5] The advantages and disadvantages of each procedure have been debated in the literature, with inconsistent conclusions. Proponents of HRA cite preservation of femoral bone stock and restoration of biomechanics as key advantages of this procedure. [6] [7] [8] [9] Opponents argue that although HRA preserves femoral bone, it may sacrifice acetabular bone stock, which may ultimately be of greater concern in the setting of revision arthroplasty. 10, 11 The purpose of this study was to compare THA and HRA with regard to acetabular bone resection and restoration of leg length and offset.
Materials and Methods
The authors analyzed the radiographs of 267 The amount of acetabular bone that was resected for the THA and HRA cohorts was determined radiographically using the ratio of the acetabular component size to the native femoral head size. That is, for a given native femoral head size, the authors sought to determine whether the mean size of the acetabular component was greater in the THA or HRA group.
The ratio of acetabular size to the native femoral head was used as a surrogate for the relative amount of acetabular bone stock that was removed for each group.
Using the 6-week postoperative radiograph, the native femoral head size was determined by placing a best-fit acrylic overlay circle over the native femoral head on the contralateral side and measuring the diameter of the circle. The contralateral femoral head was used because the postoperative radiograph that had an acetabular component of known dimensions allowed for accurate calibration for measurement of the native femoral head on the digital radiograph ( Figure) . The preoperative radiographs for each patient were evaluated to ensure that the femoral heads were equal in size bilaterally (to ensure that surrogate measurement of the contralateral head was valid). In 33 hips, the ipsilateral femoral head was directly measured on the preoperative radiographs if the patient had a previous arthroplasty on the contralateral hip because the known implant size allowed for accurate calibration and measurement of the native ipsilateral femoral head.
The pre-and postoperative leg-length discrepancy was calculated using the anteroposterior pelvis radiograph. A reference line was drawn tangential to the inferior aspect of the inferior pubic rami. Next, the distance between the inferior aspect of the lesser trochanter and the reference line was measured for each side. The leg-length discrepancy was the difference in distances between each lesser trochanter and the reference. Postoperative radiographic measurement was calibrated digitally using the known acetabular component size, and preoperative radiographic measurement was calibrated using the native femoral head size that was determined on the postoperative radiograph.
Offset was measured using the anteroposterior radiograph of the pelvis. A reference line was drawn parallel to the femur through the center of the medullary canal. A line was then drawn perpendicu-lar to the reference line to the center of the femoral head. This perpendicular line was the measured offset. Postoperative radiographic measurement was calibrated digitally using the known acetabular component size, and preoperative radiographic measurement was calibrated using the native femoral head size that was determined on the postoperative radiograph.
Student's t test was used to compare continuous variables (ie, age, acetabular bone loss, leg-length discrepancy, and change in offset), and chi-square analysis was used to evaluate categorical variables (ie, sex, primary diagnosis, and heterotopic ossification). A P value less than .05 was considered statistically significant. Statistics were calculated using Graphpad Instat software (La Jolla, California).
results
The ratio of acetabular component diameter to native femoral head diameter was significantly greater following THA than HRA (1.19 vs 1.16; P5.005), indicating relatively more acetabular bone removal in THA. Mean acetabular component size used was larger for the HRA group than the THA group (56.3 vs 55.3 mm, respectively; P5.0178). This was likely due to significant sex differences between the group, with a preponderance of men in the HRA group. However, on average, patients in the HRA group also had larger native femoral heads (49.0 vs 46.8 mm; P5.0006), which was directly proportional to native acetabular size (Table 2 ). For this reason the mean ratio of native femoral head to acetabular component size was used for the analysis.
No significant difference was found in mean preoperative leg-length discrepancy between the HRA and THA groups (22.3 vs 23.2 mm, respectively; P5.204). However, HRA was associated with significantly less postoperative leg-length discrepancy (1 vs 3.7 mm, respectively; P5.0013). Also, HRA was associated with a significantly smaller average absolute change in leg length (3.2 vs 6.7 mm, respectively; P,.0001). 
discussion
The choice between conventional THA and HRA for appropriately selected patients is controversial. Among the proposed benefits of HRA is bone stock preservation, although this has been questioned secondary to concerns over the use of larger acetabular components in some series. [10] [11] [12] Other proposed benefits include a more anatomic reconstruction with smaller changes in leg length and offset. 6 The current authors attempted to address these controversies with a comprehensive radiographic analysis.
This study has several limitations. First, the analysis was retrospective, and a prospective design may have led to less patients being excluded from the analysis for issues such as inadequate radiographs or radiographs that could not be found. Second, an indirect method was used for measuring acetabular bone loss. However, the methodology the authors used is reproducible, mathematically sound, and allows for an objective comparison between the 2 procedures. Finally, this analysis was not randomized and no patient matching was used; age and demographic differences did exist between the 2 groups (the patients who underwent HRA were younger and more commonly male), which may have affected the analysis.
Reports conflict regarding the relative amount of acetabular bone that is removed in THA and HRA. A cadaveric study performed by Su et al 12 compared the amount of bone removed when a THA was performed on 1 side and an HRA on the other and found that 3 times less bone was removed with an HRA. In contrast, Naal et al 10 retrospectively examined 2134 hip arthroplasties and, after controlling for demographic differences, found that, on average, HRA required a larger acetabular component size than THA. 10 Similarly, Loughead et al 11 demonstrated that the size of the acetabular component increases more for HRA than for THA as native femoral head size increases. However, a study by Vendittoli et al 13 showed no difference in acetabular component size after randomizing 210 patients to THA and HRA groups.
The current results suggest that in this surgeon's practice, HRA was associated with significantly less acetabular bone stock removal. Although this difference was statistically significant, the difference was small and likely not clinically significant. The finding of more acetabular bone removal in the THA group may be related to the surgeon's desire to maximize femoral head size when performing conventional THA and, in cases where it was safe to do so, a larger acetabular component size may have been inserted in an attempt to accommodate a larger femoral head size. Furthermore, the surgeon routinely started preparing the femoral head for HRA prior to acetabular component placement, and greater certainty regarding the femoral head size may have allowed for the placement of smaller acetabular components. Nonetheless, the current study suggests that HRA is not necessarily associated with more acetabular bone stock removal, as was suggested by the first studies on this topic. 10, 11 As with acetabular bone loss, reports conflict with regard to the change in leg length and offset when comparing the 2 procedures. Loughead et al 14 compared the radiographs of 28 THA and 26 HRA procedures and found that THA more accurately restored hip biomechanics. However, controversy exists regarding the results of this study because the acetabular component was not placed similarly in both groups. 14 Silva et al 15 compared 22 THAs and 19 HRAs performed by 1 surgeon. The authors did not specifically comment on restoration of leg length and offset, but they empirically noted that leg length was on average decreased more for HRA and offset was reduced in HRA but increased for THA. The authors commented that THA was more suitable for patients with a large leg-length discrepancy (more than 10 mm) or low femoral offset. 15 Both of these studies suggest THA results in a more biomechanically normal hip. In contrast, Girard et al 6 radiographically evaluated 55 THAs and 49 HRAs that were demographically matched and found that a higher percentage of HRAs appropriately restored leg length (86% vs 60%) and femoral offset (57% vs 28%). The current findings are in agreement with the Girard et al 6 study because the current study found that HRA led to smaller changes in leg length and offset. Because leg-length discrepancy is a common concern for patients and surgeons, this would seem to be an advantage with HRA. Lecerf et al 16 performed a study of 76 THAs and 80 HRA that showed an average offset increase in THA and decrease in HRA, which is in agreement with the current findings. Interestingly, the groups had equal clinical outcomes based on postoperative clinical scores, suggesting that this biomechanical measurement may be more of a theoretical concern, although trochanteric pain is not an infrequent complaint following THA that may be related to increases in offset. 
